Abstract A multi-scale approach is essential to assess the factors that limit avian habitat use. Numerous studies have examined habitat use by the red-crowned crane, but integrated multi-scale habitat use information is lacking. We evaluated the effects of several habitat variables quantified across many spatial scales on crane use and abundance in two periods (2000 and 2009) at Yancheng National Nature Reserve, China. The natural wetlands decreased in area by 30,601 ha (-6.9%) from 2000 to 2009, predominantly as a result of conversion to aquaculture ponds and farmland, and the remaining was under degradation due to expansion of the exotic smooth cordgrass. The cranes are focusing in on either larger patches or those that are in close proximity to each other in both years, but occupied patches had smaller size, less proximity and more regular boundaries in 2009. At landscape scales, the area percentage of common seepweed, reed ponds and paddy fields had a greater positive impact on crane presence than the area percentage of aquaculture ponds. The cranes were more abundant in patches that had a greater percent area of common seepweed and reed ponds, while the percent area of paddy fields was inversely related to crane abundance in 2009 due to changing agricultural practices. In 2009, cranes tended to use less fragmented plots in natural wetlands and more fragmented plots in anthropogenic paddy fields, which were largely associated with the huge loss and degradation of natural habitats between the two years. Management should focus on restoration of large patches of natural wetlands, and formation of a relatively stable area of large paddy field and reed pond to mitigate the loss of natural wetlands [Current Zoology 59 (5): 604-617, 2013].
Ecologists have long recognized the importance of scale in ecological research (Wiens et al., 1986) . Although organisms may respond to spatial heterogeneity and patterning at multiple scales (Turner et al., 2001) , researchers have traditionally focused on fine spatial scales (Graf et al., 2005) . Animals, particularly birds, also respond to habitat factors at coarser spatial scales (Freemark and Merriam, 1986) . Numerous multi-scale studies on the habitat selection of birds have been conducted in the last decade (Baker et al., 1995; Naugle et al., 1999; Meyer et al., 2002; Koper and Schmiegelow, 2006) . Multi-scale studies allow us to form generalizations in understanding ecosystem functions and in the application of the same ecological principles across a series of spatial domains (Graf et al., 2005; Wheatley and Johnson, 2009) .
Monitoring avian communities on the ground, however, is time consuming and often limited to small spatial extents (St-Louis et al., 2006) . Obtaining the necessary data through traditional field sampling approaches for developing multi-scale habitat selection models is extremely difficult, particularly for rare species (Estes et al., 2008) . Remote sensing (RS) is increasingly used in habitat modeling studies to overcome the problems of sample size and scale, because it facilitates detailed attribute characterization at multiple spatio-temporal scales and over broad spatial extents (Rushton et al., 2004; Wulder et al., 2004; St-Louis, et al., 2006) . The rapidly advancing Geographic Information System (GIS) technology and new powerful statistical tools have helped address spatial scale questions in species-habitat relationships (Guisan and Zimmermann, 2000) .
The red-crowned crane Grus japonensis is the second rarest of the 15 crane species in the world (Meine and George, 1996) and it is designated as "endangered" on the IUCN Red List (2012) . The Chinese government has ranked the crane as a first priority protected species in 1986 (Zheng and Wang, 1998) . The Yancheng National Nature Reserve (Yancheng NNR) is the primary wintering area of red-crowned cranes in China (Ma et al., 1999; Wang et al., 2005) . The reserve is composed of three zones: core, buffer, and experiment zones, with the aim of integrating biodiversity conservation and sustainable development of local communities. According to the China nature reserve management regulations (issued by the State Council in 1994), the core and buffer zones should be stringently protected from human activities, while human activities compatible with conservation and sustainable development are allowed in the experiment zone.
From 1992 to 2007, approximately 58,000 hectares of natural common seepweed Suaeda glauca and reed Phragmites communis have been lost at Yancheng NNR due to land reclamation and expansion of alien smooth cordgrass Spartina alterniflora ). These habitat changes are believed to be at least partially responsible for dramatic declines in wintering redcrowned crane populations. During the late 1990s, more than 800 red-crowned cranes were recorded in Yancheng NNR (Wang, et al., 2005; Ma et al., 2009 ), but in 2006-2008 less than 500 birds were observed (Su et al., 2008) . With these habitat changes in the buffer and experiment zones, the cranes became increasingly concentrated in the core zone and their habitat use patterns changed (Su et al., 2008; Ma et al., 2009) . From 1982 to 2003, cranes switched to feeding predominantly in paddy fields (Ma et al., 2009 ), but more recently they have used natural habitats to a much greater extent (Su et al., 2008) . Most information on the habitat use and availability of red-crowned cranes in Yancheng NNR is based solely on field survey data (Ma et al., 1999; Lu et al., 2006; Lu 2009; Ma et al., 2009) .
Yancheng NNR is located in eastern China, a region characterized by rapid economic development, and wetland loss, degradation, and fragmentation are a continuous problem for waterbirds, including the wintering red-crowned crane. These issues pose two questions that are the focus of this study: (1) How do cranes adjust their habitat use patterns to adapt to changing composition, distribution, and fragmentation of habitats in different periods? (2) What habitat factors, across a variety of spatial scales, influence crane presence and abundance?
To address these questions, we employed a multiscale approach using field and remote sensing data at four spatial scales during two winters, separated by nine years. Two bird metrics were used to test our hypotheses: presence (presence/absence) and bird abundance. Presence was evaluated to determine if birds might use an area for feeding, whereas abundance was evaluated because we felt it could relate more closely to habitat quality. The following specific hypotheses were tested:
(1) At the patch scale, we hypothesized that cranes would occupy patches with larger mean area and higher proximity, in comparison with those of all patches in the reserve. Large patches with high connectivity would allow cranes to spend more time feeding as it will reduce disturbance.
(2) At the landscape scale, we expected the arearelated variables of natural common seepweed community would be a constant predictor for crane presence and abundance at four spatial scales in both years. We also expected crane abundance to be greater in sites that have higher percentage of natural wetlands. 
Materials and Methods
We prepared and analyzed data in several steps. First, we collected the field survey data of wintering redcrowned cranes in the study area in early January of 2000 and 2009. Second, we obtained the Landsat images covering Yancheng NNR in both years, and created GIS maps of 14 land cover types. Third, using the FRAGSTATS 3.3 and ArcGIS 9.2, we calculated patch-level variables of occupied and all patches, and other landscape-level variables within landscape-sized circular sample plots (500-, 1000-, 2000-, and 3000-m radius) placed over each crane location. Finally, we detected the difference between occupied and all patches in both years. Meanwhile, we searched for relationships between the habitat variables and (1) crane presence or (2) crane abundance (number of crane detections) within the sample plots. Crane use was compared to habitat conditions during two temporal periods: (1) the present period (2009) when cranes numbered less than 500 individuals and (2) the early-2000s (2000) when cranes numbered approximately 800 birds.
Study area
The Yancheng NNR, characterized by coastal wetlands ( Fig. 1) , is located across five counties in Yancheng City in Jiangsu Province, China. Average annual temperature is 14°C, and average annual pre-cipitation is between 1000 and 1080 mm. The Yancheng NNR was internationally recognized as a Biosphere Reserve in 1992, and included in the North East Asian Crane Site Network in 1996 and the East Asian-Australian Shorebird Site Network in 1999 .
Mudflats are the most common habitat in the intertidal zone with smooth cordgrass, common seepweed, grassland (e.g., Aeluropus littoralis and Imperatacy lindrica var major), and reed, representing the most common natural plant communities in the coastal hinterland. Conversion of natural reed and seepweed wetlands to farmland, aquaculture ponds and reed ponds, and the invasion of exotic smooth cordgrass have eliminated approximately 80% of the natural wetlands, particularly the common seepweed community (Liu et al., 2010) . Reed ponds differ from native reed wetlands in that they have less open water and, in the core and buffer zones, water levels are kept low in the growing season to maintain maximum production and commercial value. In the experimental zone, water levels in reed ponds are kept higher (> 50 cm) than in natural reed wetlands for the purpose of polluted water purification, not suitable for crane feeding. Aquaculture ponds mainly raising fishes are typically flooded > 1 m water depth with no vegetation from March to December.
Field data
Red-crowned cranes winter at Yancheng NNR from October to March (Ma et al., 1999) . Eight groups and 6 groups of 3-4 persons per group conducted simultaneous surveys on one day in early January in 2000 and 2009, respectively. The distribution of cranes were relatively stable at this time. Surveys were conducted along fixed routes approximately 5 km apart marked on a scale of 1:10,000 topographic maps or digitized land cover map. Cranes are large birds; the observers could easily count their number using 8-10 × binoculars and identify the chicks of each flock using a 20-60 × telescope. The surveyors separated and conducted surveys from the borders between the survey sub-areas to minimize the possibility of double counting. The observers recorded the habitat type, human disturbance, compass bearing of the observation from the observation points, a distance estimate to the birds from observation point as determined by a Leica YP 500 rangefinder, and the number of red-crowned cranes. The estimated coordinates of crane locations were determined by the triangle positioning method of a portable GARMIN 60CSx GPS. ENVI v4.5 (Research Systems Inc, 2008) using ground control points between the images after mosaic processing within the same year. The root mean square error was 0.47 pixels, which is about 14 m on the ground.
We adopted a combination of unsupervised and supervised classification based on field knowledge. Fourteen land cover types were classified for the study area (Fig. 2) . Among them, the common seepweed community, reed ponds (refers to the reed in Fig. 2 , which were converted to reed ponds from natural reed wetlands since 1999), paddy field (refers to the wheat field and fallow paddy field), salt pan, and aquaculture pond are the five major foraging habitats by the red-crowned crane at Yancheng NNR (Li et al., 1997; Ma, et al., 2009 ). The classification accuracy was assessed using an independent set of test samples. The Kappa coefficients from the analysis of the 2000 and 2009 images were 0.79 and 0.84, respectively.
Derived Variables

Patch-level landscape variables
Patch scale is defined as a contiguous area of a single mapped cover type. Seven patch-level landscape indices were selected to detect the differences of spatial configuration between occupied patches and all patches in the two years: area of patches (AREA), perimeter-area ratio (PARA), shape index (SHAPE), contiguity index (CONTIG), core area index (CAI), proximity index (PROX) and the euclidean nearest-neighbor distance The present points of red-crowned cranes showed by black dots, and the absent points showed by black triangles.
(ENN). The seven patch-level indices of all patches were calculated using FRAGSTATS 3.3 (raster version) (McGarigal and Marks, 1995 1 ), based on the land cover raster data (100×100 m) in both years. These indices of occupied patches were acquired employing the nearest neighbor re-sampling method of the crane presence data under the ArcGIS 9.2.
Landscape-level variables
The field data of wintering red-crowned cranes in each year were considered as the presence data, which is 77% and 65% in 2000 and 2009, respectively. Regarding the absence data, we obtained the random points employing the Create Random Point Function in ArcGIS 9.2 with the condition of 3000 m as the minimum allowed distance between the points. Then we deleted the points located within 3000 m of points where cranes were present using buffer analysis. Finally, a total of 91 and 84 points with crane absences were acquired for 2000 and 2009, respectively.
Landscape scale is defined as a mosaic of patch types and it was examined using four scales (500-, 1000-, 2000-, and 3000-m radius plots). Twenty-two fragmentation variables at each landscape level were selected to determine the characteristics of habitat use by the cranes (Table 1) . The values of these fragmentation variables were calculated from the land cover data employing the FRAGSTATS 3.3 (McGarigal and Marks, 1995) . To measure the core area (interior area), we defined 300 m as the fixed-edge depth (Li, 2011) taking account of the nearest observation distance in the field.
Data analysis 1.5.1 Habitat change
The percentage of area change in each land cover reflects the change rate between the two years, as described by:
Where PAC is the area change percentage of each land cover, and A a and A b represent the area of each land cover at the beginning and the end of the study period (ha).
The core zone and Sheyang Reed Farm (SRF) in the northern buffer zone are the two largest concentration sites for wintering red-crowned cranes at Yancheng NNR (Wang et al., 2005; Su et al., 2008) . Due to land development and habitat conversion across the whole reserve, the numbers of cranes in the two sites have decreased dramatically in the past decade, whereas the proportion of cranes relative to the total number has remained stable in the core zone (Su et al., 2008; Ma et al., 2009 ). The analysis of habitat change will evaluate the impact of land cover changes of these two sites on the crane numbers in the two years.
Univariate analysis of the patch-level variables
In order to detect the difference of patch-level variables between occupied and all patches in each year, and between the occupied patches in both years, univariate statistical analysis was conducted using SPSS for Windows 13.0 (SPSS Inc, 2004) . The patch-level habitat variables were examined for normality using the 
RE = reed pond, CS = common seepweed, AP = aquaculture pond, PF = paddy field, L = entire landscape in plot. * Variable equations are in McGarigal and Marks (1995) . A 300-m buffer boder (see Li (2011) explored the 300-m as the nearest observation distance) was used to measure the core area (interior area) of different habitats in occupied plots. The habitats in the models did not include the salt pan. The main concerns are: (1) the number of cranes is relatively small, and their distribution is stable in the saltpans in both years; (2) the area and distribution of salt pans in the reserve kept almost the same situation in both years. The cranes only used the two primary ponds of saltpans, where the area of each pond is over 1000 hectares with regular boundary. For this instance, the variables related to salt pans would be consistent at all spatial scales, which would negatively affect the variables into models.
Chi-Square Test. The differences between the mean variable values in 2000 and 2009 were assessed using the Mann-Whitney U Test, a non-parametric equivalent of the t-test, because most of variables were non-normally distributed. All tests were two-tailed. The statistical significance was set to P < 0.05; means were given ± SE. 1.5.3 Multivariate analysis of the landscape-level variables The binary logistic regression model was used to examine the differences in plots with and without cranes based on habitat variables of the respective plots. Each of the four scales of the landscape-level variables was regressed on the species presence/absence data in the study areas using forward stepwise logistic regression, considering the interactions between the predictor variables. The most likely set of crane habitat predictors was selected with the lowest Akaike's Information Criterion (AIC c ) value (Meyer et al., 2002; Estes et al., 2008) . AIC c is a maximum likelihood estimator corrected for sample size. Goodness-of-fit was determined using the Hosmer-Lemeshow Chi-square test to choose the best model (Hosmer and Lemeshow, 1989) . The coefficient significance was evaluated using the Wald statistic. The model accuracy was tested by calculating the matching coefficient of the observed and predicted presence/absence data (Augustin et al., 1996; Li et al., 1997) . We assumed that a predicted probability of occurrence above 0.5 is sufficient for judging an area as suitable (Fielding and Bell, 1997) .
Linear regression was used to determine the effects of habitat characteristics on crane abundance. Multiple linear regressions were used to predict relative abundance of red-crowned cranes using only the occupied plots. For linear regressions, the adjusted R 2 was used as the criterion for model selection (Neter et al., 1989) . All variables at all scales were Z transformed, allowing them to be normalized with a mean of 0 and standard deviation of 1 to facilitate the comparison of the strength of their effects on the regression models (Zar, 1996) . We also calculated the basic statistics of each habitat variable in the models to compare the effects of each habitat variable in plots of crane presence and abundance. The independent samples T test was employed to test the difference between the means of habitat variables of the four plots in two kinds of models within a span of two years.
Results
Wintering habitat change
The area of natural wetlands (Fig. 3a) (Fig. 3b) . The remainder of the core zone is artificial wetlands, which mainly consists of reed ponds and aquaculture ponds. In the buffer zone, natural wetlands comprised only 4.7% of the area following a decrease of 9,840 ha (-82.6%) since 2000. The area of reed ponds at the SRF decreased by half from 2000 to 2009 (Fig. 3c) . Most reed pond habitats were converted to aquaculture ponds and cultivated land. In the experiment zone, natural wetlands decreased by 19,342 ha (-34.7%), and only accounted for 9.3% of the zone in 2009. 2.2 Patch characteristics 2.2.1 Dynamics of the number of wintering red-crowned cranes and their habitat types
In 2000, red-crowned cranes were distributed throughout the whole study area. Approximately 98.9% of cranes distributed in the reserve, whereas the buffer zone accommodated 56.5% of cranes (450 birds) in 2000 (Table 2 ). Contrarily, in 2009, all cranes occurred in the reserve and only 22.0 % of cranes (98 birds) was restricted to the buffer zone, representing increased use of the core area and decreased use of the SRF since 2000 (Table 2 ). Specifically, crane numbers in the SRF decreased from 288 birds in 2000 to 45 cranes in 2009, while the number of cranes in the core zone increased from 138 birds in 2000 to 270 in 2009. In the reserve, the number of occupied patches showed a decline in three function zones and Sheyang Reed Farm in both years, especially for the experimental zone (Table 2) .
In both years, common seepweed, reed ponds, and paddy fields were the main wintering habitats, harboring over 90% of cranes (Table 3) . The number and percentage of cranes using anthropogenic wetlands, including reed pond and paddy field, in 2009 was substantially lower than in 2000. A total of 7 patches of reed pond and paddy field were occupied each year. The numbers of cranes in the native common seepweed community were stable in both years. Due to a lower number of cranes in the whole reserve in 2009, the percentage of cranes in this native habitat increased by 18.6% in comparison with that in 2000. However, the number of occupied patches of seepweed decreased
Fig. 3 Area change of land cover of the Yancheng National Nature Reserve (A), core zone (B) and Sheyang Reed Farm (C) between 2000 (empty column) and 2009 (grey column)
The dry land in the fig. 3 (c) refers to the cotton field. from five patches to one patch (Table 3) .
Present and past patch-level characteristics
The Mann-Whitney U Test indicated all mean patchlevel indices of occupied patches in 2000 and 2009 were significantly different from those of all patches, except the proximity index (PROX) in 2000 (Table 4 ). The mean perimeter-area ratio (PARA) of occupied patches is remarkably lower than those of all patches. Contrarily, the remaining indices are distinctively higher.
Between years, the mean indices of patch area (AREA), shape (SHAPE), PROX, and euclidean nearestneighbor distance (ENN) were significantly different (bold characters in Table 4 ). Mean PROX in 2000 is approximately 23 times higher than in 2009, whereas the mean ENN in 2000 is only 1/7 of that in 2009.
Landscape characteristics 2.3.1 Landscape characteristics of cranes presence
The overall accuracy of the presence/absence logistic regression models ranged from 83.3%-93.3%. The accuracy for predicting crane presence was between 74.0% and 92.3%. The 2000 m radius plots performed the best among all models in both years (86.3% in 2000 and 93.3% in 2009). The overall accuracy and the accuracy for predicting crane presence in 2009 were significantly higher than those in 2000 at four spatial scales (P < 0.05; Overall: t = -8.589, P = 0.003; Presence: t = -3.294, P = 0.046). The models with the lowest accuracy were at the scale of 1000 m in both years (Table 5) . In both years and all models, only one area-related variable of natural habitat (percentage area of common seepweed, Pland_CS) served as a constant predictor across four landscape scales, while those of anthropogenic habitats (percentage area of reed pond, aquaculture pond and paddy field: Pland_RE, Pland_AP, Pland-PF; and the percentage of core area in paddy field: CPland_PF) were important predictive variables at one landscape scale (Table 5) . Although fragmentation was lower in occupied habitats relative to unoccupied habitats in 2009, occupied habitats in 2000 had lower fragmentation values than occupied habitats in 2009 (Fig. 4) .
In the larger plots (2000-and 3000-m radius), the The difference was tested by the Mann-Whitney U Test ( * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001). a AREA: patch area, PARA: perimeter-area ratio, SHAPE: shape index, CONTIG: contiguity index, CAI: core area index, PROX: proximity index, and ENN: euclidean nearest-neighbor distance. landscape-level variables became more important, as the cranes occupied either habitats with high contagion (Contag, positive coefficient in Table 5 for 2009) or lower patch density (PD, negative coefficient in Table 5 for 2000). This indicateds that cranes used areas with fewer but larger patches or areas with multiple patches but in close proximity to each other.
Similar to shape-related variables, cranes occupied either habitats with high edge density of aquaculture pond (ED_AP, positive coefficient in Table 5 for (Table 6) . At the larger scales of 2009, only some of these area-related variables were important for predicting crane abundance, including percentage of core area in reed pond (CPland_RE) and common seepweed (CPland_ CS). The area-related variable of aquaculture pond does not have any prediction, except the landscape shape index (LSI_AP) in 500-m scale and edge density index (ED_AP) at 2000 and 3000-m scales were positive prediction in 2000 (Table 6 ).
In the larger plots (2000-and 3000-m radius), the landscape-level variables became more important, as crane abundance was negatively related to patch density in 2000 (negative coefficient, PD). The shape-related variables such as landscape shape index of reed pond (LSI_RE) and edge density index of common seepweed (ED_CS) were positively related to crane abundance at (Table 6 ).
In the abundance models, large flocks ( ≥ 4 cranes) occupied patches with a higher percentage of common seepweed and reed ponds than those of smaller flocks (< 4 cranes). However, the increases in area-related variables of paddy fields was related to smaller flock sizes in both years (Fig. 5) .
Changes in variable means
By using abundance in addition to presence, we further refined the range of characteristics most important for high habitat quality. The mean or median values for area-related variables in occupied plots usually shifted in our hypothesized direction in high abundance plots (≥ 4 cranes/plot, Fig. 5 The percentages of core area in paddy fields (CPland_PF) were higher in occupied and high abundance plots than those in unoccupied and low abundance plots in 2000. In contrast, the area percentages (Pland_PF) were lower in occupied and high abundance plots than those in unoccupied and low abundance plots in 2009 (Fig. 4 and 5) .
The means of the shape-related fragmentation indices (ED, LSI) in the occupied plots were all significantly lower than those in the unoccupied plots. The means of the landscape-level fragmentation variables in the occupied plots showed no significant difference from the unoccupied plots.
Present and past suitable habitats
Maps developed from the results of the best logistic regression models at the 3000-m scale in both years (the (Table 7) . The results of this study indicate that the extensive habitat modifications over the last several years at Yancheng NNR are affecting the types of habitats used by red-crowned cranes and spatial distribution of cranes in the reserve. The region has undergone dramatic landscape structural and compositional change, particularly in the buffer and experimental zone Ma et al., 2009) . Important habitats, particularly natural wetlands and reed ponds, have undergone extensive losses due to conversion to aquaculture ponds and paddy fields. As a result, there are more, smaller patches with a lower composition of suitable habitats.
At the patch scale, our results support our first hypothesis in that occupied patches have a larger area and higher proximity compared to those of all patches in the reserve. This might be associated with an increasing human disturbance in smaller patches, which would increase the vigilance behavior and reduce the feeding behavior (Li et al., 2011) . The total number of all land cover patches across the whole reserve increased slightly during the study period. The number of occupied patches accounted for 9.5% of habitat patches in the reserve in 2000, but decreased to less than 4.0 % in 2009.
The numbers of patches of two anthropogenic wetland habitats, reed and paddy fields, have decreased slightly in the last two decades, while the mean patch area of paddy fields increased sharply . The cranes only used three patches of reed ponds in the core zone, Sheyang Reed Farm, and one reed pond in the northern buffer zone. Furthermore, cranes also only occupied 4 of 86 and 5 of 72 patches of paddy fields in 2000 and 2009, respectively. Patch characteristics, such as patch size and proximity, are insufficient, however, to explain patterns of crane presence and abundance.
At the landscape scale, area-related variables of common seepweed were significant predictors of crane presence and abundance in both years. The crane presence and abundance were strongly affected by the amount of natural wetlands. Unfortunately, natural wetlands have declined 6.9% overall, including an 82.6% decline in the buffer zone. In spite of the decline, the total number of patches of natural wetlands increased slightly, mainly for mudflats. The number of occupied patches in natural wetland habitats, however, has declined, with the greatest declines in the common seepweed community.
In the both years, the common seepweed habitats have decreased by over 70% in area and number of patches. The loss was largely associated with the conversion to the aquaculture ponds and paddy fields, and expansion of the exotic smooth cordgrass . By 2009, cranes occupied only one patch of this natural community in 2009, although the total number of cranes in this habitat was stable between years. For the other larger patch of common seepweed at the south of Liangduo River, no cranes have been observed in this area for many years (Wang, et al., 2005; Su et al., 2008) , which may be a consequence of frequent human disturbances resulting from local fishing and the recent construction of a wind farm Liu, et al., 2010) .
As predicted (hypothesis 2), we also found abundance a more precise and accurate measure of habitat quality than presence, which only evaluated absence versus presence of potential wintering cranes. The crane abundance was greater with an increasing proportional area of common seepweed and reed pond, while the proportional area of paddy field negatively influenced abundance in 2009. The cranes were first recorded feeding in fallow/unplowed paddy fields and wheat fields in 1996 (Li et al., 1997) and although few patches were occupied in 2000, crane use of paddy fields was extensive, representing_35.8% (285 cranes) of cranes in 2000. In 2009, the number of cranes in paddy fields decreased by 64.2% (183 cranes). The reduction in crane use may be reflective of changes in land management practices. Between 2000 and 2009, 60% of paddy fields were converted from rice to cotton because of greater economic benefits for farmers. Cotton fields have a harder soil and high stem density in the winter and thus provide limited food resources for cranes. In addition, local farmers plow paddy fields in the winter to reduce the feeding opportunity by geese, ducks and cranes. Illegal poisoning of these waterbirds in plowed fields is not uncommon but can lead to stiff penalties. Thus, many farmers plow the fields to prevent any accidental poisonings and resulting penalties. However, cranes seldom use plowed paddy fields in comparison with the fallow paddy fields in the winter (Lee et al., 2007) . Thus, while paddy fields are currently important, changing agricultural practices could significantly impact future crane use of agricultural areas.
As the hypothesis 3, the cranes tended to use less fragmented plots in natural wetlands (common seepweed) and more fragmented plots in anthropogenic paddy fields in 2009, which were largely associated with the huge loss and degradation of natural habitats between two years. For the artificial reed ponds, the cranes tended to use less fragmented plots due to this habitat still kept the main characteristics of natural reed habitat. In 2009, the percentage area of reed pond (Pland_RE) had less impact and the percentage area of paddy fields (Pland_PF) had more impact on crane presence, which maybe associated with the reed pond decreased by 26.5% and paddy fields increased by 10.5 % between two years. However, the two variables have the same prediction on the crane abundance in both years. In contrast to effects on presence, the effect of fragmentation on abundance in paddy field appeared to be more immediate. Birds are often present, but the number of cranes found in more recently fragmented paddy fields (since 2005 (since , Su et al., 2008 during each survey was relatively low.
Our results clearly indicate that landscape changes are influencing the distribution of cranes within various habitats. However, several caveats should be considered when interpreting our findings. First, areas with the presence of cranes and/or high crane abundance should not necessarily be viewed as "high quality" habitat (Van Horne, 1983) . It is apparently the best of what is left, but it does not mean that it is of high enough quality to help stabilize or increase red-crowned crane populations. Restoration of large blocks of natural wetlands, and formation of a relatively stable area of large paddy field and reed pond would be ideal. Second, red-crowned cranes spend 60-80% of their diurnal time foraging (Li, 2011; Li et al., 2013) . This study only used the distribution data in one day survey of each year, even though the survey was conducted in the stable wintering period (Ma et al., 1999) . This could introduce some error just because of inherent variability in water levels or crane responses to disturbance, which could influence the distribution of the birds. Such high variability would be expected to make this index a poor predictor of habitat. However, the consistency in habitat preferences across the two years suggested that this was not an issue, but broader plot models were highly accurate in predicting crane presence and abundance indicating that broader scale models are a more suitable method to identify suitable habitat of cranes. Further studies of fragmentation and disturbance to crane habitat could help define the actual habitat quality of such areas and demonstrate if the abundance measure we used is a good estimate of habitat quality.
